One of the most important reasons for information systems failure is lack of quality. Information Systems Quality (ISQ) evaluation is important to prevent the lack of quality. ISQ evaluation is one of the most important Multi-Criteria Decision Making (MCDM) problems. The concept of Single Valued Triangular Neutrosophic Numbers (SVTrN-numbers) is a generalization of fuzzy set and intuitionistic fuzzy set that make it is the best fit in representing indeterminacy and uncertainty in MCDM. This paper aims to introduce an ISQ evaluation model based on SVTrN-numbers with introducing two types of evaluating and ranking methods. The results indicated that the proposed model can handle ill-known quantities in evaluating ISQ. Also by analyzing and comparing results of ranking methods, the results indicated that each method has its own advantage that make the proposed model introduces more than one option for evaluating and ranking ISQ.
Introduction
ISQ evaluation is one of important MCDM problems. The concept of neutrosophic set provides a generalization of fuzzy set and intuitionistic fuzzy set [22, 33] . As [29] pointed out, neutrosophic components are best fit in representing indeterminacy and inconsistent information. In the neutrosophic set, the membership
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Triangular Neutrosophic Numbers function independently indicates: Truth-membership-membership degree, false membership-membership degree, and Indeterminacy-membership degree. Neutrosophic set is more powerful in expressing the uncertainty and indeterminate than intuitionistic fuzzy set and fuzzy set. SVTrN-number is a special case of neutrosophic set that can handle ill-known quantity very difficult problem in MCDM. This research aims to introduce an ISQ evaluation model based on SVTrN-numbers with introducing two types of evaluation and ranking methods. The results indicated that the proposed model can handle ill-known quantities in evaluating ISQ. Also by analyzing and comparing results of ranking methods, the results indicated that each method has its own advantage that make the proposed model introduces more than one option for evaluating and ranking ISQ. This paper is organized as the follows: the first section presents the introduction for this work; the second section introduces information systems quality evaluation criteria; the third section provides basic definitions; the fourth section: introduces the proposed model for evaluating ISQ; the fifth section gives conclusion and future work; the final section provides references.
Related Work
In a MCDM problem, the ranking of alternatives with neutrosophic numbers is many difficult because neutrosophic numbers are not ranked by ordinary methods as real numbers. However it is possible with score functions, aggregation operators, distance measures, and so on. As [15] stated there are several ranking methods. However, there is no unique best approach exists. In [18] proposed a ranking method to order triangular intuitionistic fuzzy numbers by accepting a statistical viewpoint and interpreting each IFN as ensemble of ordinary fuzzy numbers. Ye [28] presented the notations of simplified neutrosophic sets and gave the operational laws of simplified neutrosophic sets. Then, he introduced some aggregation operators and developed ranking method. In [5] developed a ranking method for trapezoidal intuitionistic fuzzy numbers and taking sum of value and ambiguity index. In [20] introduced the concept of multi-valued neutrosophic set with the operations. Then, they gave two multi-valued neutrosophic power aggregation operators and applied to multi-criteria group decision-making problems. Li [13] provides ratio ranking method for TIFNs and cut sets of intuitionistic trapezoidal fuzzy numbers. Li et al [14] introduced a ranking method of triangular intuitionistic fuzzy numbers that depend on value index and ambiguity index for solving multi criteria decision-making problems. Liang et al [15] proposed a ranking method based on the expected values, the score function and the accuracy function of triangular intuitionistic fuzzy number. In [27] [30] introduced score values operators for rankings alternatives. Ye [26] proposed the concept of expected value method for intuitionistic trapezoidal fuzzy and applied it to multi-criteria decision-making problems. Deli and Şubaş [6] adapted and generalized Li et al [14] method to SVN-numbers and the results show that this method is effective and feasible. Prakash et al [21] introduced a ranking method for both trapezoidal intuitionistic fuzzy numbers and triangular intuitionistic fuzzy numbers using the centroid concept and showed the proposed method is flexible and effective.
Information Systems Quality Evaluation Criteria
Evaluating ISQ is one of the most important MCDM problems. For evaluating ISQ, it is important to use widely accepted quality models to identify ISQ criteria and representing how quality criteria are related to each. System and software quality model provide a good tool to evaluate the quality of system and software product [24] that can support ISQ. System and software quality models include: ISO/IEC 9126 for software quality, ISO/IEC 25010 has been extended to include computer systems, and quality in use from a system perspective, and ISO/IEC 25012 describes the data quality model [11] that can support creators of large and small scale databases. ISO/IEC 25030 focuses on specifying quality requirements [10] . According to [17] [8] , the use of models is an acceptable means can support system and software products.. Each of these quality models differ on terminology and quality characteristics they define. The most widely adopted one is the ISO/IEC series of quality standards, especially the ISO 9126 and ISO25010 [19] . ISO/IEC9126 contains two-part quality model Triangular Neutrosophic Numbers for software quality. The first part introduced the internal and external quality model that identified six quality characteristics of software quality (Functionality, Reliability, Usability, Efficiency, Maintainability and Portability) [9] . The second part introduced the quality in use model that identified four characteristics (Effectiveness, Productivity, Safety, and Satisfaction). As [1] pointed out, ISO has recognized a need for further enhancement of ISO 9126. ISO/IEC 25010 defines two quality models: product quality model and quality in use model [12] . The product quality model consists of eight characteristics (functional suitability, performance efficiency, compatibility, usability, reliability, security, maintainability and portability). The quality in use model consists of five characteristics (effectiveness, efficiency, satisfaction, freedom from risk, and context coverage).
Basic Definitions
Fuzzy theory is an important and interesting research topic in decision-making theory and can handle inexact and vague information [31] . However, fuzzy set is characterized only by its membership function between 0 and 1, but not a non-membership function [4] . To overcome the insufficient of fuzzy set, [3] extended fuzzy set and introduced intuitionistic fuzzy set by adding an additional non-membership degree, which may express more flexible information as compared with the fuzzy set. Intuitionistic fuzzy set can be defined as the follows: Definition 4.1. According to [2] , let E be a universe. An intuitionistic fuzzy set K over E is defined by:
For each x ∈ E, the values, μ k (x) and γ k (x) are degree of membership function and non-membership function of x, respectively.
The concept of neutrosophic set came from a philosophical point of view to express indeterminate and inconsistent information [23] . The concept of neutrosophic set introduced a generalization of fuzzy set and intuitionistic fuzzy set [22, 32] and it is characterized by its membership function and non-membership function between 0 and 1. In the neutrosophic set, the membership function independently indicates: Truthmembership-membership degree, false membership-membership degree, and indeterminacy-membership degree. Neutrosophic set can be defined as the follows: Definition 4.2. According to [23] , let E be a universe. A neutrosophic sets A over E is defined by: 
Single Valued Triangular Neutrosophic Numbers
Single valued triangular neutrosophic numbers (SVTrN-numbers) is a special case of neutrosophic set that can handle ill-known quantity very difficult problem in multi-attribute decision making and ranking. SVTrNnumbers is suitable for the expression of incomplete, indeterminate, and inconsistent information in actual applications. Specially, it has been widely applied in many areas [27] such as decision-making, image processing, medical diagnosis, fault diagnosis. 
2. β -cut set of the SVTrN-number ā for indeterminacy membership is calculated as; 
The function f( α ) gives different weights to elements at different α -cut sets and these cut sets come from values of µ ā (x) which have a considerable amount of uncertainty. Therefore, V µ (ā) can reflect the information on membership degrees. Also, g(β) can lessen the contribution of the higher β -cut sets come from values of υ ā (x) which have a considerable amount of uncertainty. Therefore, V υ (ā) can reflect the information on nonmembership degrees. Likewise, V λ (ā) can reflect the information on non-membership degrees.
The Weighted Values and Ambiguities of the SVTrN-numbers
The weighted values of the SVTrN-numbers can be calculated as follows: Definition 4.6. According to [6] let ā = ((a 1 , b 1 , c 1 ) ; w ā , u ā , y ā ) be a SVTrN-number. Then, for [0, 1], the θ -weighted value of the SVTrN-number ā can be defined as:
The θ -weighted ambiguity of SVTrN-number ā can be defined as:
Definition 4.7. Let ā and ē be two SVTrN-numbers and θ ∈ [0, 1]. For weighted values and ambiguities of the SVTrN-numbers ā and ē, the ranking order of ā and ē can be defined as;
, then ā is smaller than ē
Score and Accuracy Based Method for SVTrN numbers
According to [6] if b = c then the Single-Valued Trapezoidal Neutrosophic Number (SVTN number) is treated as a SVTrN-number. Therefore, the method that introduced by [7] [16] can be adapted to give scores to SVTrN numbers as the follows:
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Triangular Neutrosophic Numbers Definition 4.8. Let Ī= ((a, b, c, d); w Ī ,u Ī ,y Ī ) be a SVTN number, as [7] [16] pointed out, the score function of Ī can be defined as:
And the accuracy function can be defined as:
If c = b, then the score function and the accuracy function of Ī can be defined as:
And the SVTN number is treated as a SVTrN-number. Consequently, Definition 4.9. Let ā = ((a 1 , b 1 , c 1 ); w ā ,u ā ,y ā ) be a SVTrN-number, the score function and accuracy function of ā can be defined, respectively, as the follows:
h ( 
The Proposed Model for Evaluating Information Systems Quality
The proposed model aims to evaluate ISQ by making use of SVTrN-numbers to handle uncertainty in expressing human knowledge as well as provide two ranking methods to give more than one option for evaluating and ranking ISQ. The proposed model consists of three phases as the follows: This phase aims to introduce two evaluating and ranking methods: (1) -weighted value and ambiguity based method, (2) -score and accuracy based method, to give more than one option for evaluating and ranking ISQ.
(1) Weighted value and ambiguity method Firstly, calculate the value of truth-membership-membership degree, and indeterminacy-membership, and falsity-membership degree for each comprehensive value based on "Eq. (7)" "Eq. (9)"and "Eq. (11) And, calculate the ambiguity of truth-membership-membership degree, and indeterminacy-membership, and falsity-membership degree for each comprehensive value based on "Eq. (8) 
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A λ (S j ) = ((c-a) (1-y sj ) 2 )/6 (27) Secondly, calculate the weighted values (θ -weighted value) for each alternative as the follows:
From "Eq. (13)" "Eq. (22)" "Eq. (23)" and "Eq. (24)" the θ -weighted value of each comprehensive value S j is defined as:
From "Eq. (14)" "Eq. (25)" "Eq. (26)" and "Eq. (27)" The θ -weighted ambiguity of a comprehensive value S j can be defined as:
Thirdly, represent the weighted values graphically for evaluating and ranking the quality of IS. 
Case study
An IS evaluation committee wants to evaluate quality of three IS centers at three universities according eight quality criteria based ISO/IEC 25010: Functionality, reliability, usability, efficiency, maintainability, portability, security, and compatibility. The weight vector of the eight quality criteria is ω = (. 25 
Triangular Neutrosophic Numbers
For evaluating and ranking the quality of the three IS based on the proposed model, the SVTrN-numbers is applied with introducing the weighted value and ambiguity based method and the score and accuracy based method as the follows:
Phase I: Construct the SVTrN-Multi-Criteria Decision Matrix of Decision Maker Let Q= (q 1 , q 2 , q 3 ) be a set of the three IS. C= (c 1 , c 2 , c 3 , c 4 , Therefore, S3 > S1. Consequently, the quality of the third information system (q 3 ) is greater than the quality of the first information system (q 1 ).
(ii) From figure (1) for any [0, .479] the weighted values of the S 1 , S 2 and S 3 can ranked as the follows: V θ (S 1 ) > V θ (S 3 ) > V θ (S 2 ). Consequently, the quality of the first information system (q 1 ) > the quality of the third information system (q 3 ) > the quality of the second information system (q 2 ) (iii) From figure (1) for any [479, 1] the weighted values of the S 1 , S 2 and S 3 can ranked as the follows: V θ (S 3 ) > V θ (S 1 ) > V θ (S 2 ). Consequently, the quality of the third information system (q 3 ) > the quality of the first information system (q 1 ) > the quality of the second information system (q 2 )
This method gives more attention to uncertainty in decision making as well as it take into account cut sets of SVTrN numbers that can reflect the information on membership degrees and non-membership degrees. However, the calculations and graphically representation of this method become complex when alternatives increase. The results indicated that the ranking order of scores is S (S 3 ) >S (S 1 ) >S (S2) which give the same ordering results as the weighted value and ambiguity based method for any [.479, 1] . Therefore, the quality of the third IS (q 3 ) > the quality of the first IS (q 1 ) > the quality of the second IS (q 2 ). This method provides a simple and flexible method for ranking SVTrN-numbers. However, it does not give more attention to uncertainty in decision making as weighted values and ambiguities based method as well as it does not take into account cut sets of SVTrN numbers that can reflect the information on membership degrees and non-membership degrees.
Conclusion and Future Work
This work intended to introduce an ISQ evaluation model based on SVTrN-numbers with introducing weighted value and ambiguity based method and score and accuracy based method for evaluating and ranking ISQ. The results indicated that the proposed model can handle ill-known quantities in evaluating ISQ. Also, by analyzing and comparing results of ranking methods, the results indicated that each ranking method has its own advantage that make the proposed model introduces more than one option for evaluating and ranking ISQ. In this perspective, the weighted value and ambiguity based method gives more attention to uncertainty in decision making as well as it take into account cut sets of SVTrN numbers that can reflect the information on membership degrees and non-membership degrees. Also, by adapting the score and accuracy based method for SVTrN-numbers, the results indicated that this method provides a simple and flexible method for ranking SVTrN-numbers. However, it does not give more attention to uncertainty in decision making as weighted values and ambiguities based method.
For future work, SVTrN-numbers can be applied widely for more real practical applications with adapting and generalizing existing methods of ranking fuzzy numbers and intuitionistic fuzzy number to give more efficient results.
